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The aim was to identify risk factors associated with Coxiella burnetii antibody positivity in bulk tank milk (BTM)
samples from 100 randomly selected Danish dairy cattle herds. Antibody levels were measured by an enzyme-
linked immuno-sorbent assay. Before testing the herds, the farm managers were interviewed about hired labour,
biosecurity, housing and herd health during the 12 months prior to the study. Variables considered important for
C. burnetii antibody positivity in multivariable logistic regression analysis included the sharing of machines between
farms (OR = 3.6), human contacts (OR = 4.2), artificial insemination by other people than artificial insemination
technicians (OR = 7.7), routine herd health contract with the veterinarian (OR = 4.3) and hygiene precautions taken
by veterinarians (OR = 5). In addition, herd size, hired labour, trading of cattle between farms, quarantine and use of
calving and disease pens also showed significant association in univariable analysis. This study demonstrates that
strict biosecurity is important for the prevention of infections with C. burnetii.
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Control of infectious diseases in livestock is to a great
extent based on prevention of introducing infectious
microorganisms into susceptible populations. Therefore,
identification of risk factors plays a key role in the man-
agement of biosecurity at farm level and there are in-
creasing demands on development of biosecurity plans
in livestock production in the European Union. Herd
risk factors for Q fever, a zoonotic infection caused by
the bacterium Coxiella burnetii, have not been well stud-
ied. Although C. burnetii has been found almost world-
wide and despite rather high prevalences in many cattle
populations [1], there is still need for knowledge on how
to protect uninfected cattle herds from becoming in-
fected. Thus the aim of this study was to identify risk
factors for Danish dairy cattle herds having C. burnetii
antibodies in bulk tank milk (BTM).
A cross sectional design was used to study 100
randomly selected dairy herds among the 4785 milk
producing Danish dairy herds mandatorily listed in the
Danish Cattle Database [2]. Farmers of the selected* Correspondence: jfa@sund.ku.dk
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reproduction in any medium, provided the orherds were interviewed by telephone during 20–30
minutes using a standardized questionnaire with closed
and semi-open-ended questions [Additional file 1]. The
questions concerned the use of hired labour, the hous-
ing system, general health of the herd, and farm man-
agement routines generally known to be of importance
for herd biosecurity. A BTM sample from each herd was
examined for C. burnetii antibodies using the commer-
cial CHEKIT Q fever Antibody ELISA test kit (IDEXX,
Liebefeld-Bern, Switzerland). The test was based on C.
burnetii inactivated phase 1 and 2 antigens and the re-
sults were expressed as sample-to-positive values and
estimated as S/P = [(OD sample – OD negative control) /
(OD positive control – OD negative control) × 100]. According
to the manufacturer, S/P ≥ 40%, S/P < 30% and results in
the interval 30% ≤ S/P < 40% were considered as posi-
tive, negative and intermediate respectively. However, in
our risk factor analysis in logistic regression we dichoto-
mized the test results as positive for samples with S/P ≥
40% and as negative for samples with S/P < 40%, as
recommended by the manufacturer. The prevalence of
seropositive herds was 59%, as previously reported [2].
Fisher’s exact test was applied to test relationships be-
tween C. burnetii antibody status and all ordinal and di-
chotomized variables. To account for possible nonlineartd. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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rized into biological meaningful classes when appropriate
before further analysis. Variable associations with P ≤ 0.25
in univariable analyses were included in the following mul-
tivariable logistic regression. Backward elimination of non-
significant variables (P > 0.05) was used to select the final
model, and the values of Hosmer-Lemeshow goodness of
fit test were used to validate the models. Correlations
among the exposure variables were checked by Spearman’s
correlation test to avoid collinearity. There was no signifi-
cant (P ≤ 0.05) correlation and no variables were removed
due to this.
Eighteen out of 49 variables that had P ≤ 0.25 in univari-
able analysis were included in the multivariable analysis.
The final logistic regression model (Table 1) showed that
the risk of a seropositive BTM sample increased if the herd
shared equipment (machines) with other farms, if cattle
were in contact with visitors, if artificial insemination (AI)
was done by other people than AI technicians, if the herd
had a routine herd health contract with the veterinarian,
and if hygiene precautions (changing boots and/or clothes,
etc.) were not taken by the veterinarian before entering the
herd. The Hosmer-Lemeshow value for goodness-of-fit of
the final model was considered acceptable (P = 0.86) [3].
The final multivariable model (Table 1) primarily con-
tains factors associated with introduction of infectionTable 1 Multivariable logistic regression model for risk
factors jointly associated with bulk tank milk antibody
positivity to Coxiella burnetii in 100 randomly selected
Danish dairy cattle herds collected in February 2008
Variables Respondents Odd Ratio
(95% CI)
P-value*
Total No. (%) positive
Sharing equipment (machines) with other herds 0.04
Yes 23 17 (73.91) 3.62 (1.03 - 12.76)
No 77 42 (54.55) 1
Animals’ contact with human visitors 0.01
Yes 70 47 (79.66) 4.17 (1.41 - 12.5)
No 30 12 (20.34) 1
Insemination by other than artificial insemination
(AI) technician
0.01
Yes 13 12 (92.31) 7.69 (2.08 - 16.95)
No 87 47 (54.02) 1
Routine herd health contract with veterinarian 0.01
Yes 56 40 (71.43) 4.32 (1.51 - 12.36)
No 44 19 (43.18) 1
Hygienic precautions by veterinarian before entering
the herd
0.004
No 61 40 (65.57) 5.00 (1.66 - 15.12)
Yes 39 19 (48.72) 1
*P-value for the significant addition of the variable given the other variables in
the model.into a herd. The factors: animal contact with human vis-
itors from outside the farm, AI insemination by other
people than AI technician, and herd health contract for
routine health evaluation of the herd by the veterinarian
were associated with increased antibody positivity (IAP).
The most likely explanation is probably that such per-
sons act as mechanical vectors carrying C. burnetii bac-
teria into the herd as stated in a review by Woldehiwet
[4]. We found that AI done by other people than AI
technicians increased the risk of BTM antibody positiv-
ity. Danish farmers who want to perform AI on their
own cattle need authorization based on a course offered
by the AI associations and semen is provided by AI asso-
ciations. So the finding is difficult to explain; also be-
cause consequent reduced access of AI technicians to
the herd should probably have lowered the risk. Farms
with a routine herd health contract with a veterinarian
had higher OR of being antibody positive than farms
without such a contract thus suggesting that the veterin-
arian might bring the bacterium into the farm. Hygiene
precautions taken by veterinarian, i.e. changing boots
and/or clothes were found significantly to reduce the
risk of IAP. In a multilevel analysis of data from the
same study, but with cow as the analytical unit, we also
found that the hygienic precautions reduced the risk of
antibody positivity [5]. The similarity in results between
cow and herd level analysis corresponds with our esti-
mation of correlation between BTM antibody level and
the within herd seroprevalence (R2 = 0.36; P < 0.001) in a
previous study [6] of a subsample of 12 of the same
herds as in the present study. However, Taurel et al. [7]
only found a moderate correlation (R2 = 0.15) between
BTM antibody level and within herd seroprevalence. In
the present study we also observed that sharing farm
equipment (machines) with other farms was significantly
associated with IAP. Although our study indicates the im-
portance of hygienic precautions in relation to personnel
and equipment, Taurel et al. [8] did not find such associa-
tions in French dairy cattle.
Herd size, stable type, number of workers, use of calving
and disease pens, purchasing animals, and quarantine
practice were also found to have positive associations with
IAP in univariable analysis (results not shown). Other
studies have also shown relationship between IAP and in-
creasing herd size [5,9], and between IAP and loose hous-
ing system [5,10] although a single study did not find
relationship between IAP and housing system [11]. The
hypothesis behind IAP and loose housing systems is that
random movements of animals increase the probability of
contact between infected and non-infected and increased
contact with a contaminated environment and hence in-
creased risk of transmission.
Selection bias in this study was minimized by random
sampling and selection bias due to non-participation was
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from unknown sensitivity and specificity of the ELISA
used. However, the ELISA test for C. burnetii antibodies
based on individual animal samples shows high sensitivity
(Se = 0.86) and specificity (Sp = 0.99) [12].
In this study the following risk factors were found to
be associated with increased risk of BTM antibody posi-
tivity: Herd size > 100 cows, increased number of people
managing the animals; housing systems with cubicle
house and deep bed house compared to tie stall house,
use of calving and disease pens, purchase of animals,
lack of quarantine of purchased animals, contact with
farm personnel and visitors, routine herd health contract
with the veterinarian, lack of basic hygienic precautions
taken by veterinarian and sharing of machines. Proper
management by farmers may help prevent the introduc-
tion of C. burnetii into a herd.
Additional file
Additional file 1: Questionaire used for telephone interview.
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